1. Introduction {#sec1-insects-10-00274}
===============

The red-necked longhorn beetle, *Aromia bungii* (Faldermann, 1835) (Coleoptera, Cerambycidae, subfamily Cerambycinae, tribe Callichromatini), is an oligophagous wood-borer beetle of *Prunus* spp., including many cultivated stone fruit trees such as peach, apricot, plum, and cherry \[[@B1-insects-10-00274]\]. Additional host plants belonging to different families have been occasionally reported in China, but these observations require confirmation \[[@B1-insects-10-00274],[@B2-insects-10-00274],[@B3-insects-10-00274]\].

Native to the south-eastern Palearctic and Oriental regions, *A. bungii* was intercepted in 2008 in United Kingdom and USA among wooden pallets and in a manufacturing plant, respectively \[[@B1-insects-10-00274]\]. However, the first reports of this pest from host trees outside its native range date back to 2011 in Germany \[[@B4-insects-10-00274]\] and 2012 in Italy \[[@B5-insects-10-00274],[@B6-insects-10-00274]\]. In 2013, *A. bungii* was detected in Japan where it caused substantial damage to peach orchards and Japan's iconic cherry blossom trees \[[@B7-insects-10-00274]\]. In Europe, *A. bungii* was added to the European and Mediterranean Plant Protection Organization (EPPO) A1 list of quarantine pests since 2014 \[[@B8-insects-10-00274],[@B9-insects-10-00274]\], and currently, it is established to some extent in the Campania Region (Southern Italy) where quarantine measures are being applied and eradication is ongoing \[[@B10-insects-10-00274],[@B11-insects-10-00274]\].

*A. bungii* has one generation every 2--4 years and overwinters as larvae of different instars in tunnels excavated in the trunk and main branches of healthy trees \[[@B6-insects-10-00274],[@B12-insects-10-00274]\]. Larval attacks result in a weakening of trees and decrease of fruit yield. However, serious infestation can cause tree decay also as a consequence of an increased susceptibility to diseases. In Italy, several hundred apricot, cherry, and plum trees have been severely damaged or killed by larval attack \[[@B6-insects-10-00274],[@B13-insects-10-00274]\].

The endophytic development of the larvae makes early detection of the infestation difficult, but becomes evident in its late stages when larval frass accumulate at the base of the plants. Moreover, the cryptic nature of larval development makes any control measures against this stage poorly effective. Therefore, setting up an effective adult monitoring tool has a great practical interest both for *A. bungii* detection in new areas, where the population level is generally low, and to carry out timely insecticide applications against adults, eggs, and larvae at hatching.

Studies on the *A. bungii* intraspecific communication have identified (*E*)-2-cis-6,7-epoxynonenal as the main male-produced sex-aggregation pheromone that was attractive to both sexes in field experiments \[[@B7-insects-10-00274]\]. In further field trapping tests, trap catches were significantly increased by adding (*E*,*Z*)-2,6-nonadienal to the main component of the male sex-aggregation pheromone \[[@B14-insects-10-00274]\]. Moreover, (*R*)-(+)-citronellal, previously detected from the body of *A. bungii* females \[[@B15-insects-10-00274]\], was shown to elicit male attraction in Y-tube olfactometer bioassays and it has been proposed as a female-produced sex pheromone \[[@B16-insects-10-00274]\].

Phytophagous insects use plant volatiles to locate suitable feeding, mate, and oviposition sites \[[@B17-insects-10-00274],[@B18-insects-10-00274]\]. In several cerambycid species, plant volatiles, attractive to both sexes, bring males and females together on a larval host, thus suggesting a role in mate location. Moreover, adults of some cerambycid species are capable of discriminating between odors of stressed and healthy trees or between volatiles of host and non-host plants, also indicating a role of plant volatiles in host location \[[@B19-insects-10-00274],[@B20-insects-10-00274],[@B21-insects-10-00274],[@B22-insects-10-00274],[@B23-insects-10-00274],[@B24-insects-10-00274],[@B25-insects-10-00274],[@B26-insects-10-00274]\]. In some species, synergism between plant volatiles and pheromones has been demonstrated \[[@B26-insects-10-00274],[@B27-insects-10-00274],[@B28-insects-10-00274],[@B29-insects-10-00274],[@B30-insects-10-00274],[@B31-insects-10-00274],[@B32-insects-10-00274]\]. Moreover, plant volatiles have been exploited in monitoring traps, alone or in combination with insect pheromones \[[@B19-insects-10-00274],[@B21-insects-10-00274],[@B29-insects-10-00274],[@B33-insects-10-00274],[@B34-insects-10-00274]\].

Insects perceive many odors with receptors located on the antennae and measurements of the electrical signals associated with olfaction, using the electroantennographic technique (EAG), have been widely used in the search for putative behaviorally-active compounds. In fact, an EAG response, the summation of receptor potentials evoked by a test stimulus from the antenna \[[@B35-insects-10-00274]\], represents the antennal olfactory sensitivity to the compound tested, and EAG-active compounds are frequently of ecological significance \[[@B36-insects-10-00274]\].

In *A. bungii*, the EAG technique has been used in combination with gas chromatography (GC) to identify volatile compounds present in male and female extracts that are able to elicit an antennal response in conspecific adults \[[@B7-insects-10-00274]\] and to evaluate the antennal responsiveness of males to (*R*)-(+)-citronellal \[[@B16-insects-10-00274]\]. However, no studies have been carried out to evaluate the olfactory sensitivity of *A. bungii* adults to plant volatiles.

At least three types of sensilla basiconica on adult *A. bungii* antennae with a putative olfactory function have been described \[[@B37-insects-10-00274]\]. In both sexes, these sensilla are present in all flagellomeres but they are mainly concentrated in two lateral bands facing the abaxial surface of the antennae. These bands are thinner in the first to fifth flagellomeres while they increase in size in the more distal flagellomeres, especially the last one (ninth).

In the present study, the EAG technique was employed to explore the antennal chemoreceptivity of male and female *A. bungii* antennae to 90 volatile organic compounds (VOCs). The EAG responses of male and female specimens were also compared. The elucidation of the *A. bungii* sensitivity profile to a variety of VOCs provides a basis for future investigations aimed at identifying behaviorally-active compounds.

2. Materials and Methods {#sec2-insects-10-00274}
========================

2.1. Insects {#sec2dot1-insects-10-00274}
------------

Logs with *A. bungii* larvae were collected from infested apricot trees in the Marigliano (Naples, Campania, Italy) area and held in rearing cages until adult emergence. Emerged adults were collected daily and placed individually in transparent plastic containers (6 cm diameter × 8 cm height) covered with screw caps with a central hole (2 cm) screened by a metallic net (mesh size 1 mm) to allow air exchange. Insects were maintained at 25 ± 2 °C and 60 ± 5% relative humidity in a 16:8 light: day photoperiod and fed with apple pieces that were renewed every 3 days. For the EAG tests, 10--15-day-old unmated males and females were used. Before EAG experiments, insects were kept in the absence of food odors for at least 4 h.

2.2. Odor Stimuli {#sec2dot2-insects-10-00274}
-----------------

Test compounds were 90 VOCs selected to represent different chemical categories including aliphatic alcohols, aldehydes, esters, and ketones, terpenoids, and aromatics ([Table 1](#insects-10-00274-t001){ref-type="table"}) (Sigma-Aldrich, Milan, Italy). For each test compound, a 100 μg/μL mineral oil (Sigma-Aldrich, Milan, Italy) solution was prepared. To calculate dose-response curves, mineral oil decimal solutions (0.001--100 μg/μL) of the green leaf volatile (*Z*)-3-hexenol, used as a standard, were also prepared. Solutions were stored at −20 °C until needed. Before each EAG experiment, 10 μL of each test solution were applied to filter paper (Whatman No. 1) strips (1 cm^2^) inserted in a Pasteur pipette (15 cm long) and used as an odor cartridge.

2.3. Electroantennography (EAG) {#sec2dot3-insects-10-00274}
-------------------------------

The chemoreceptivity of male and female *A. bungii* antennae to the selected VOCs was examined using the EAG technique. In the first set of experiments, the EAG responses of the basal (first to third), middle (fourth to sixth), and distal (seventh to ninth) groups of flagellomeres to 1 mg loads (10 µL of 100 µg/µL mineral oil solution) of six VOCs ((*Z*)-3-hexenol, limonene, sulcatol, sulcatone, nonanal, 2-hexanone) were evaluated to select the most sensitive portion of the antenna. Antennal portions (basal, middle, distal) were amputated at the base of their first flagellomere and at the end of their terminal flagellomere, except for the distal portion whose terminal flagellomere (ninth) was left uncut. In a second set of experiments, the EAG responses of flagellomeres seven to nine to different concentrations (0.001, 0.01, 0.1, 1, 10, 100 μg/μL) of (*Z*)-3-hexenol were measured to evaluate olfactory sensitivity. In a third series of experiments, the EAG responses of flagellomeres seven to nine to 1 mg loads of test VOCs were determined to evaluate adult olfactory selectivity.

The base of each antennal portion was inserted into a glass pipette containing Kaissling saline solution \[[@B38-insects-10-00274]\] used as the neutral electrode, while the distal end was put in contact with the end of a similar pipette that served as the recording electrode. The electrical continuity between the antennal preparation and an AC/DC UN-6 amplifier in DC mode connected to a PC equipped with the EAG 2.0 program (Syntech Laboratories, Hilversum, The Netherlands) was maintained using AgCl-coated silver wires. A flow of charcoal-filtered humidified air (500 mL/min) was directed constantly onto the antennal portions through a stainless-steel delivery tube (1 cm i.d.) with the outlet at nearly 1 cm from the antenna.

Based on previous scanning electron microscopy (SEM) observations \[[@B37-insects-10-00274]\], reporting the presence of sensilla basiconica with a putative olfactory function mainly on the abaxial surface, each antennal portion was exposed to the air flow accordingly. Over 1 s, 2.5 cm^3^ of vapor from an odor cartridge were blown into the air stream using a disposable syringe. Stimuli were randomly sequenced in the first and second set of experiments whereas they were applied in ascending concentrations in dose-response experiments. Ten µL of mineral oil (control stimulus) and 10 μL of a 10 μg/μL (*Z*)-3-hexenol mineral oil solution (standard stimulus) were presented at the beginning of the experiment and after each group of five test compounds. Intervals between stimuli were 1 min. Each compound was tested on five antennae of different insects of each sex.

2.4. Data Analysis {#sec2dot4-insects-10-00274}
------------------

The maximum amplitude of negative polarity deflection (−mV) induced by a stimulus was used to measure the EAG response \[[@B39-insects-10-00274]\]. The absolute EAG response (mV) to each test stimulus was subtracted by the mean response to the two nearest mineral oil controls in order to compensate for solvent and mechanosensory artifacts \[[@B40-insects-10-00274]\]. The resultant EAG value was corrected based on the reduction of the EAG amplitude to the standard stimulus to compensate for the decline of the antennal responsiveness during the experiment \[[@B41-insects-10-00274]\].

The corrected EAG responses to each compound were compared to a "0" value using the Wilcoxon rank sum test and considered measurable if significant at *p* = 0.05. The mean EAG responses of the three antennal portions of each sex to the six compounds tested were subjected to analysis of variance (ANOVA) followed by the Tukey's HSD (Honestly Significant Difference) test (*p* = 0.05) for mean comparison. Prior to these analyses, values were √ ×-transformed and tested for homogeneity of variance using Levene's test. The mean male and female EAG responses to the test compound were compared using the Student's *t*-test (*p* = 0.05) for independent samples. In dose-response curves, the activation threshold was considered to be the first dose at which the mean response was higher than a "0" value using the Shapiro-Wilk test for normality followed by the one-sample Student's *t*-test (*p* = 0.05) \[[@B42-insects-10-00274]\]; the saturation level was taken as the lowest dose at which the mean response was equal to or less than the previous dose \[[@B43-insects-10-00274]\]. Statistical analyses were done using SPSS (Statistical Package for the Social Sciences) version 10.0.7 for Windows (SPSS Inc., Chicago, IL, USA).

3. Results {#sec3-insects-10-00274}
==========

3.1. Chemoreceptivity of Flagellomeres {#sec3dot1-insects-10-00274}
--------------------------------------

On stimulation with the 1 mg dose of (*Z*)-3-hexenol, limonene, sulcatol, sulcatone, nonanal, and 2-hexanone, measurable EAG responses were elicited in the basal (first to third), middle (fourth to sixth), and distal (seventh to ninth) flagellomeres of *A. bungii* males and females (*p* \< 0.05 in all Wilcoxon rank sum tests). For all these six compounds, there were significant differences among the EAG responses of the different flagellum portions both in males (F = 432.45--1118.76, df = 2; *p* \< 0.001) and females (F = 628.77--1250.14, df = 2, *p* \< 0.001). The mean EAG responses of the distal flagellomeres were significantly higher than those of the middle flagellomeres, which were significantly more responsive than the basal ones ([Figure 1](#insects-10-00274-f001){ref-type="fig"}).

3.2. Sensitivity of Distal Flagellomeres {#sec3dot2-insects-10-00274}
----------------------------------------

The sensitivity of the distal male and female *A. bungii* flagellomeres to ascending doses of (*Z*)-3-hexenol is reported in [Figure 2](#insects-10-00274-f002){ref-type="fig"}. In the range of doses tested, the mean EAG amplitude varied from 0.001 ± 0.001 mV to 0.826 ± 0.045 mV in females and from 0.0004 ± 0.001 mV to 0.891 ± 0.032 mV in males. In both sexes, the activation threshold was 0.1 μg (*p* \< 0.05; one-sample *t*-test). Male and female EAG responses increased from the 100 to 1000 μg doses indicating that no saturation of olfactory receptors occurred at the 100 µg dose. For all doses tested, there were no significant differences (*t* = −1.150 to 1.171, df = 8, *p* \> 0.05; independent sample Student's *t*-test) between the mean EAG responses of the terminal male and female flagellomeres.

3.3. Selectivity of Distal Flagellomeres {#sec3dot3-insects-10-00274}
----------------------------------------

The mean EAG responses evoked from the distal (seventh to ninth) flagellomeres of *A. bungii* males and females by different stimuli tested are shown in [Table 1](#insects-10-00274-t001){ref-type="table"}. In both sexes, all compounds elicited measurable EAG responses (*p* \< 0.05 in all Wilcoxon rank sum tests) ranging from 0.028 ± 0.003 mV ((*E*,*E*)-2,4-hexadienal) to 1.197 ± 0.067 mV ((*E*)-2-hexenol) in males and from 0.019 ± 0.001 mV (ethyl acetate) to 0.979 ± 0.057 mV ((*E*)-2-hexenol) in females.

The largest EAG responses (\> 0.8 mV) were elicited by 2-hexanol, octanal, sulcatone, guaiacol, sulcatol, 2,4-dimethyl-3-hexanol, 2,4-dimethyl-2-hexanone, heptanal, nonanal, (*Z*)-3-hexenol, and 1-heptanol in both sexes, and by linalool, (*E*)-2-heptenal, 1-octen-3-ol, (*E*)-2-octenal, 3-octanol, (*E*)-2-octen-1-ol, α-phellandrene, and α-terpinene in males.

The weakest antennal stimulants (\< 0.10 mV) were (*E,E*)-2,4-hexadienal, 1-ethanol, 2-methyl-1-butanol, 2,3-butandiol, glycerol, 2,3-butanedione, ethyl acetate, and phytol in both sexes; α-farnesene in females; and geranyl linalool, α-humulene, maltol, furfural, and vanillin in males. The mean male EAG amplitude was significantly higher than that of females for (*E*)-2-heptenal, 3-pentanol, 2-pentanone, 2-nonanone, 2-decanone, 2-undecanone, ethyl acetate, neryl acetate, phytol, eugenol, phenethyl alcohol, and γ-nonalactone (*t* = 2.33--5.54, df = 8, *p* = 0.048--0.007). In contrast, female responses were significantly higher than those of males for hexanal, (*E,E*)-2,4-hexadienal, 1-hexenol, β-pinene, and maltol (*t* = 2.57--9.00, df = 8, *p* = 0.032--0.001) ([Table 1](#insects-10-00274-t001){ref-type="table"}).

In both sexes, octanal, 2-hexanol, 2,4-dimethyl-2-hexanone, (*E*)-3-hexenhyl acetate, sulcatol, and guaiacol were the strongest antennal stimulants within the chemical groups of aliphatic aldehydes, alcohols, ketones, acetates, terpenoids, and aromatics, respectively ([Figure 3](#insects-10-00274-f003){ref-type="fig"} and [Figure 4](#insects-10-00274-f004){ref-type="fig"}).

Within saturated aliphatic aldehydes, alcohols, and ketones, compounds with shorter carbon chain lengths (C~2~--C~5~) elicited lower EAG amplitudes in males than compounds with higher carbon chain lengths (C~6~--C~9~). Similarly, butanal, 1-ethanol, and 2-pentanone evoked female EAG responses that were lower than those induced by compounds with longer carbon chains in the corresponding chemical classes. Considering the antennal responsiveness to C~6~, C~7~, and C~9~ aliphatic aldehydes, diunsaturated compounds elicited lower EAG responses than monounsaturated analogs, and the latter were weaker antennal stimulants than the corresponding saturated aldehydes ([Figure 3](#insects-10-00274-f003){ref-type="fig"} and [Figure 4](#insects-10-00274-f004){ref-type="fig"}).

4. Discussion {#sec4-insects-10-00274}
=============

Previous SEM observations \[[@B37-insects-10-00274]\] showed that both male and female *A. bungii* antennae contain different types of sensilla basiconica with a putative olfactory function, mainly concentrated in two lateral bands facing the abaxial surface and that these bands are growing in width from the base to the apex of the antenna. In the present study, EAG preparations set up by exposing the abaxial surface of three antennal portions to the air stream from an EAG apparatus enabled us to get measurable EAG recordings on stimulation with different VOCs. The amplitudes of EAG responses elicited by six selected compounds in the distal, middle, and basal portions of the antennae were respectively high, intermediate, and low in both sexes, consistent with the increasing width of the bands containing sensilla basiconica and thus supporting the involvement of sensilla basiconica in olfaction. Increasing EAG responses to plant volatiles from the basal to the distal antennal segments have also been reported for the cerambycid *Batocera horsfieldi* (Hope) \[[@B44-insects-10-00274]\] and probably results from both natural and sexual selection that have shaped antennal morphology to optimize odor perception \[[@B45-insects-10-00274]\].

The antennal chemoreceptivity toward different volatile compounds has been investigated in a number of cerambycid species \[[@B46-insects-10-00274],[@B47-insects-10-00274],[@B48-insects-10-00274],[@B49-insects-10-00274]\]; however, to our knowledge, this is the first study exploring the antennal sensitivity of a member of the Callichromatini tribe to a wide variety of VOCs.

In both sexes, the amplitude of EAG responses did not correlate well with the volatility of compounds, as shown by the EAG profiles of compounds with increasing carbon chain length and different unsaturation, within the functional-group classes of aliphatic aldehydes, alcohols and ketones. In these three groups, in fact, highly volatile compounds with shorter carbon chain lengths elicited lower EAG responses than less volatile compounds with longer carbon chain lengths. In the same way, diunsaturated aldehydes were weaker antennal simulants than saturated analogs. This clearly shows the importance of the sensitivity of the peripheral olfactory system of *A. bungii* adults rather than the volatility of compounds in determining differences in the amplitude of EAG responses to different VOCs. These results, which imply the ability of adult *A. bungii* to discriminate among different chemical cues, are fairly consistent with those reported in many previous EAG studies with different insect species \[[@B18-insects-10-00274],[@B36-insects-10-00274],[@B42-insects-10-00274]\] and support the paradigm that highly EAG-active compounds may hold some ecological significance. As shown by the EAG responses recorded on stimulation with increasing concentrations of the ubiquitous green leaf volatile (*Z*)-3-hexen-1-ol, antennae of both sexes proved to be sensitive to stimulus variations in a wide range of doses and support the possibility that plant odors may act as long-distance cues to *A. bungii* adults.

A large degree of similarity between the EAG responses of males and females was observed with only 17 of the 90 compounds tested eliciting significant differences. Male responses exceeded those of females for 12 compounds, whereas for 5 compounds, responses of females were significantly higher than those of males. Among cerambycids, sexually dimorphic EAG responses have also been reported in *B. horsfieldi* \[[@B49-insects-10-00274]\]; this could be due to differences in the number of antennal olfactory neurons tuned to individual compounds and/or to qualitative physiological differences in olfaction \[[@B50-insects-10-00274]\] and more likely reflects differences in the role played by the same VOC in the ecology of males and females.

Despite these differences, the EAG profiles of male and female responses to compounds tested were similar. In this regard, it is worth noting that 2-hexanol, octanal, guaiacol, sulcatol, and sulcatone were, in decreasing order, the strongest antennal stimulants in both sexes. All these compounds have been reported as plant volatiles and/or insect secretion components and have different infochemical functions in insects \[[@B51-insects-10-00274]\]; however, as yet, very little is known about their behavioral function in cerambycids. For instance, 2-hexanol has been identified as a component of a plant volatile blend attractive to adults of the plum curculio, *Conotrachelus nenuphar* (Herbst) \[[@B52-insects-10-00274]\], and it is also a component of the alarm pheromone of male meliponine bees that induce fighting in workers and flight in males \[[@B53-insects-10-00274]\]. In Coleoptera, octanal was identified in blends with kairomonal effects to *Aethina tumida* (Murray) \[[@B54-insects-10-00274]\], *Oryzaephilus surinamensis* (L.) \[[@B55-insects-10-00274]\], and *Listronotus maculicollis* (Kirby) \[[@B56-insects-10-00274]\], but it is also part of the defense secretions of some staphylinid species \[[@B57-insects-10-00274]\].

Among the bark volatiles of some angiosperms, guaiacol has been found to be EAG-active for five species of coniferous bark beetles and it might act as a non-host cue in the host selection process by these species \[[@B58-insects-10-00274]\]. In addition, it is an aggregation pheromone component in both the adult and nymph desert locust, *Schistocerca gregaria* (Forskål) \[[@B59-insects-10-00274]\], and in the blend of larval frass volatiles repelling oviposition in *Cydalima perspectalis* (Walker) \[[@B60-insects-10-00274]\]. Sulcatol is the aggregation pheromone of several scolytid beetles \[[@B61-insects-10-00274],[@B62-insects-10-00274],[@B63-insects-10-00274]\]. Sulcatol and sulcatone in a naturally occurring mixture with 2-tridecanone mediate spacing behavior of *Rhopalosiphum padi* (L.) feeding on cereals \[[@B64-insects-10-00274]\]. Moreover, these two compounds are released by males of the ambrosia beetles *Megaplatypus mutatus* (Chapuis) and *Platypus cylindrus* (F.) (Coleoptera, Platypodidae) and attract females and males \[[@B65-insects-10-00274],[@B66-insects-10-00274]\].

5. Conclusions {#sec5-insects-10-00274}
==============

In conclusion, this study provides electrophysiological support for the putative chemoreceptivity of sensilla basiconica previously described in *A. bungii* adults and demonstrates the capability of antennae of both sexes to detect and discriminate among a wide range of VOCs. Obviously, the EAG response of an antenna to a particular compound provides no insight into behavioral response and EAG-active compounds may mediate behavioral responses other than attraction and may even be repellent. Considering the oligophagy of *A. bungii* and its preference for healthy host plants, it seems possible that detection of a large number of compounds by adults would allow for both an effective selection of host plants, in different physiological states, and non-host avoidance, as also suggested for some bark beetles \[[@B58-insects-10-00274],[@B67-insects-10-00274]\] and insects with a limited range of host plants \[[@B68-insects-10-00274],[@B69-insects-10-00274],[@B70-insects-10-00274]\]. From this perspective, this study provides a basis for future olfactometer bioassays and field trapping experiments aimed at identifying behaviorally-active compounds useful to develop semiochemical-based control strategies for this pest.
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![EAG responses of different groups of male and female *A. bungii* flagellomeres (basal, first to third; middle, fourth to sixth; distal, seventh to ninth) to 1 mg loads of six VOCs.](insects-10-00274-g001){#insects-10-00274-f001}

![EAG dose-response curves of male and female *A. bungii* distal flagellomeres (seventh to ninth) to ascending doses of (*Z*)-3-hexenol.](insects-10-00274-g002){#insects-10-00274-f002}

![EAG response profile of male *A. bungii* distal flagellomeres (seventh to ninth) to a range of VOCs. Within each chemical group, compounds are listed according to the mean amplitude of the EAG response (n = 5) elicited at the 1 mg dose.](insects-10-00274-g003){#insects-10-00274-f003}

![EAG response profile of female *A. bungii* distal flagellomeres (seventh to ninth) to a range of VOCs. Within each chemical group, compounds are listed according to the mean amplitude of the EAG response (n = 5) elicited at the 1 mg dose.](insects-10-00274-g004){#insects-10-00274-f004}

insects-10-00274-t001_Table 1

###### 

EAG responses of male and female *A. bungii* distal flagellomeres (seventh to ninth) to 90 volatile organic compounds (VOCs).

  ------------------------------------------------------------------------------------------------
  *Class*\                              Chemical\    Corrected EAG Response in mV\   
  Compound ^a^                          Purity (%)   (Mean ± SE)                     
  ------------------------------------- ------------ ------------------------------- -------------
  *Aliphatic aldehydes*                                                              

  Butanal                               99.0         0.15 ± 0.04                     0.16 ± 0.02

  Pentanal                              95.0         0.30 ± 0.01                     0.27 ± 0.02

  Hexanal \*\*                          98.0         0.14 ± 0.01                     0.28 ± 0.04

  Heptanal                              95.0         0.92 ± 0.07                     0.87 ± 0.07

  Octanal                               99.0         1.07 ± 0.08                     0.95 ± 0.07

  Nonanal                               95.0         0.91 ± 0.10                     0.85 ± 0.04

  Decanal                               95.0         0.26 ± 0.01                     0.20 ± 0.03

  Undecanal                             97.0         0.26 ± 0.03                     0.20 ± 0.01

  Dodecanal                             92.0         0.15 ± 0.03                     0.12 ± 0.01

  (*E*)-2-Hexenal                       99.0         0.40 ± 0.07                     0.27 ± 0.03

  (*E*)-2-Heptenal \*                   97.0         0.89 ± 0.05                     0.74 ± 0.04

  (*E*)-2-Octenal                       94.0         0.84 ± 0.05                     0.74 ± 0.06

  (*E*)-2-Nonenal                       97.0         0.72 ± 0.04                     0.69 ± 0.04

  (*E*)-2-Decenal                       95.0         0.50 ± 0.02                     0.51 ± 0.05

  (*E,E*)-2,4-Hexadienal \*             95.0         0.03 ± 0.01                     0.07 ± 0.01

  (*E,E*)-2,4-Heptadienal               88.0         0.26 ± 0.02                     0.28 ± 0.04

  (*E,E*)-2,4-Nonadienal                85.0         0.38 ± 0.03                     0.32 ± 0.01

  (*E,E*)-2,4-Decadienal                85.0         0.15 ± 0.02                     0.22 ± 0.03

  Citral                                95.0         0.57 ± 0.07                     0.60 ± 0.03

  *Aliphatic alcohols*                                                               

  1-Ethanol                             99.8         0.04 ± 0.01                     0.03 ± 0.01

  1-Butanol                             99.0         0.36 ± 0.06                     0.29 ± 0.04

  1-Pentanol                            99.0         0.62 ± 0.08                     0.46 ± 0.02

  3-Pentanol \*\*                       98.0         0.42 ± 0.05                     0.15 ± 0.04

  1-Hexanol \*\*                        98.0         0.20 ± 0.01                     0.35 ± 0.01

  2-Hexanol                             99.0         1.20 ± 0.07                     0.98 ± 0.06

  1-Heptanol                            98.0         0.94 ± 0.06                     0.82 ± 0.05

  1-Octanol                             98.0         0.50 ± 0.06                     0.52 ± 0.04

  2-Octanol                             96.0         0.54 ± 0.04                     0.50 ± 0.03

  3-Octanol                             99.0         0.83 ± 0.07                     0.72 ± 0.03

  1-Octen-3-ol                          98.0         0.86 ± 0.03                     0.74 ± 0.04

  1-Nonanol                             98.0         0.52 ± 0.05                     0.39 ± 0.03

  1-Decanol                             98.0         0.31 ± 0.05                     0.20 ± 0.01

  (*Z*)-3-Hexenol                       98.0         0.89 ± 0.03                     0.83 ± 0.05

  (*E*)-2-Octen-1-ol                    97.0         0.83 ± 0.04                     0.70 ± 0.08

  2-Methyl-1-butanol                    99.0         0.07 ± 0.01                     0.03 ± 0.01

  2-Methyl-1-propanol                   99.5         0.11 ± 0.02                     0.14 ± 0.02

  3-Methyl-1-butanol                    99.0         0.51 ± 0.04                     0.42 ± 0.03

  2,4-Dimetyl-3-hexanol                 99.0         0.90 ± 0.06                     0.90 ± 0.90

  2,3-Butandiol                         98.0         0.05 ± 0.01                     0.05 ± 0.01

  Glicerol                              99.0         0.06 ± 0.01                     0.03 ± 0.01

  *Aliphatic ketones*                                                                

  2-Pentanone \*\*                      97.0         0.28 ± 0.05                     0.08 ± 0.01

  2-Hexanone                            99.0         0.72 ± 0.07                     0.66 ± 0.04

  2-Heptanone                           98.0         0.22 ± 0.03                     0.23 ± 0.02

  2-Octanone                            98.0         0.41 ± 0.08                     0.34 ± 0.06

  2-Nonanone \*                         99.0         0.74 ± 0.05                     0.53 ± 0.05

  2-Decanone \*\*                       98.0         0.57 ± 0.05                     0.32 ± 0.03

  2-Undecanone \*                       99.0         0.22 ± 0.03                     0.12 ± 0.02

  1-Octen-3-one                         96.0         0.77 ± 0.06                     0.76 ± 0.04

  β-Ionone                              95.0         0.11 ± 0.02                     0.17 ± 0.03

  2,4-dimetyl-2-hexanone                98.0         0.82 ± 0.04                     0.88 ± 0.04

  2,3-Butanedione                       97.0         0.06 ± 0.01                     0.06 ± 0.01

  *Aliphatic esters*                                                                 

  Ethyl acetate \*                      99.0         0.03 ± 0.01                     0.02 ± 0.01

  (*E*)-2-Hexenyl acetate               98.0         0.39 ± 0.04                     0.46 ± 0.05

  (*E*)-3-Hexenyl acetate               98.0         0.45 ± 0.05                     0.40 ± 0.03

  (*Z*)-3-Hexenyl acetate               98.0         0.14 ± 0.04                     0.18 ± 0.03

  *Terpenes*                                                                         

  α-Pinene                              98.0         0.35 ± 0.09                     0.42 ± 0.03

  β-Pinene \*\*                         98.0         0.26 ± 0.02                     0.44 ± 0.04

  Limonene                              97.0         0.75 ± 0.05                     0.73 ± 0.04

  α-Farnesene                           95.0         0.12 ± 0.04                     0.08 ± 0.02

  β-Caryophyllene                       80.0         0.19 ± 0.04                     0.13 ± 0.02

  Myrcene                               92.0         0.32 ± 0.05                     0.42 ± 0.02

  α-Terpinene                           95.0         0.81 ± 0.05                     0.75 ± 0.06

  1.8-Cineole                           99.0         0.38 ± 0.08                     0.40 ± 0.03

  (±)-Linalool                          99.0         0.91 ± 0.06                     0.78 ± 0.05

  Sulcatone (6-Methyl-5-hepten-2-one)   99.0         0.95 ± 0.06                     0.91 ± 0.07

  Sulcatol (6-Methyl-5-hepten-2-ol)     99.0         0.98 ± 0.11                     0.92 ± 0.09

  Neryl alcohol                         98.0         0.45 ± 0.03                     0.41 ± 0.03

  Neryl acetate \*                      98.0         0.23 ± 0.02                     0.16 ± 0.02

  Geranyl acetate                       97.0         0.18 ± 0.02                     0.18 ± 0.02

  Isobornyl acetate                     95.0         0.32 ± 0.02                     0.35 ± 0.03

  α-Phellandrene                        95.0         0.82 ± 0.05                     0.79 ± 0.06

  Geranyl linalool                      95.0         0.07 ± 0.03                     0.12 ± 0.02

  Phytol \*                             97.0         0.06 ± 0.01                     0.02 ± 0.01

  α-Copaene                             90.0         0.35 ± 0.03                     0.39 ± 0.04

  Valencene                             70.0         0.15 ± 0.02                     0.18 ± 0.04

  α-Farnesene                           95.0         0.12 ± 0.04                     0.08 ± 0.02

  β-Caryophyllene                       80.0         0.19 ± 0.04                     0.13 ± 0.02

  Caryophyllene oxide                   95.0         0.14 ± 0.06                     0.14 ± 0.03

  α-Humulene                            96.0         0.08 ± 0.01                     0.13 ± 0.01

  *Aromatics*                                                                        

  Guaiacol                              98.0         1.07 ± 0.06                     0.93 ± 0.06

  Eugenol \*                            99.0         0.48 ± 0.07                     0.29 ± 0.04

  Maltol \*                             99.0         0.06 ± 0.02                     0.14 ± 0.02

  Phenethyl alcohol \*\*                99.0         0.66 ± 0.04                     0.47 ± 0.04

  Furfural                              99.0         0.08 ± 0.01                     0.17 ± 0.02

  Phenylacetaldehyde                    90.0         0.12 ± 0.03                     0.11 ± 0.01

  Vanillin                              99.0         0.06 ± 0.01                     0.15 ± 0.03

  Benzaldehyde                          99.0         0.48 ± 0.05                     0.45 ± 0.03

  Methyl salicylate                     99.0         0.38 ± 0.02                     0.33 ± 0.03

  1,2,3-Trimethyl-benzene               90.0         0.35 ± 0.03                     0.39 ± 0.04

  γ-Nonalactone \*                      98.0         0.62 ± 0.07                     0.44 ± 0.03

  2-Penthyl-furan                       98.0         0.48 ± 0.02                     0.41 ± 0.04

  Benzyl acetate                        99.0         0.51 ± 0.07                     0.42 ± 0.03

  Ethyl-phenylacetate                   98.0         0.48 ± 0.05                     0.33 ± 0.06
  ------------------------------------------------------------------------------------------------

^a^ Asterisks indicate significant differences between sexes (\* *p* = 0.05, \*\* *p* = 0.01, *t*-test).
